1. Introduction. 68 The US Great Plains is a region of heightened atmosphere -land-surface interaction from 69 boreal spring to fall. Terrestrial water resources are recharged in winter/spring and expended in 70 summer and fall (the growing seasons), with evapotranspiration being a key element of the 71 seasonal regional atmospheric and terrestrial water cycles (e.g., Nigam and Ruiz-Barradas 2006) . 72 Evapotranspiration has however a modest role in non-seasonal hydroclimate variability over this 73 region. Ruiz-Barradas and Nigam (2005;  hereafter RBN), for instance, show remote water 74 sources (transported moisture and related convergence) to be more important than local ones 75 (evapotranspiration) in observed precipitation variability. 76 Atmosphere -land-surface models, in contrast, accord evapotranspiration a prominent 77 role in non-seasonal hydroclimate variability. Not surprisingly, most climate models are unable 78 to simulate with any fidelity the observed hydroclimate variability record (including multi-year 79 droughts) even when variations are averaged over a large domain (e.g., the million square-80 kilometer-plus Great Plains region). The problematic portrayal of non-seasonal variability in 81 models includes vigorous recycling of local precipitation (RBN 2005 (RBN , 2006b ) -a manifestation 82 of intense local atmosphere-land-surface coupling -which distorts the regional water-balance: 83 Leading terms in the anomalous atmospheric balance are precipitation and moisture-flux 84 convergence in observations, and precipitation and evapotranspiration in model simulations. 85 Heightened atmosphere -land-surface interactions in models led to the notion of "hot spots" 86 (Koster et al. 2004 (Koster et al. , 2006 Wang 2007) ; the one over the Great Plains has however 87 shrunk/retreated westward with model improvements (Dirmeyer et al. 2008 , Dominguez et al. 88 2006 , Zeng et al. 2010 . ["Hot spots" is an interesting name since precipitation recycling in the 89 models often leads to colder land-surface states, given the intertwined water and energy cycles.] The present study seeks to reveal the process-sequence governing atmosphere -land-91 surface interaction from analysis of the spatiotemporal relationships of pentad-averaged 92 hydroclimate variables. The five-day averaging is long enough to suppress the fast convection 93 and cloud timescales and, to an extent, synoptic variability, but short enough to resolve the 94 interactions of hydroclimate variables (precipitation, surface shortwave and longwave radiation, 95 evaporation, column moisture flux, and surface air temperature). 96 Another unique feature of this study is the use of field data (from ARM's Southern Great 97 Plains site) to investigate atmosphere-land-surface interaction. The interaction is typically 98 studied using models and atmospheric reanalyses, i.e., model-influenced datasets. Reanalysis 99 data is characterized in this manner because hydroclimate variables are seldom assimilated (i.e., 100 observationally constrained) in atmospheric reanalysis, and as such, heavily influenced by the 101 assimilating model's physical parameterizations (e.g., precipitation). One reanalysis data set we 102 do analyze along with the ARM-SGP field observations is NOAA's North American Regional 103 Reanalysis (NARR, Mesinger et al. 2006) . NARR is different from canonical reanalyses because 104 it assimilates precipitation (and radiances), and that too, successfully (RBN 2006a), nudging 105 hydroclimate variables closer to observations. Intercomparison with field observations helps with 106 NARR validation, but more importantly, could allow spatial 'continuance' of the results 107 obtained from analysis of the sub-grid scale SGP field data on to more expansive regional 108 domains (e.g., SGP). 109 The targets of this observationally-rooted, pentad-resolution, lead-lag analysis of 126 The analysis of atmosphere-land-surface interactions is carried out using several data 127 sets. Important features of the data sets, including their processing, are described next. 128 a. NARR data set 129 The North American Regional Reanalysis (NARR) is a long-term, consistent, data The surface radiation budget is examined more closely in Fig. 4 , which shows the related 220 shortwave and longwave components, all from NARR for reasons of availability. The biggest 221 component is downward-shortwave ( Fig. 4d ) which is focused somewhat southeastward of the 222 ASGP precipitation; its large negative values represent reduction from precipitation-related 223 increased cloudiness. The net shortwave (Fig. 4b) is smaller but similarly structured, reflecting 224 1 Although NARR and ARM have similar VWC, the NARR values are for a deeper layer, and as such, represent greater water holding. This can lead to excessive evapotranspiration (e.g., Nigam and Ruiz-Barradas 2006) and less run-off (unpublished work available at http://www.atmos.umd.edu/~alfredo/sfwatbal_unpublished.pdf). 2 1 mm day -1 = 1 kg m -2 day -1 of water. Energy for evaporation = 1×L v J m -2 day -1 , where L v is the latent heat of condensation (=2.5×10 6 J kg -1 ). Energy needed for evaporation is thus (2.5×10 6 )/86400 J s -1 m -2 or 28.94 W m -2 .
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Page 9 of 25 the albedo offset. The albedo itself does not change: the SGP precipitation-related change (not 225 shown) is less than 0.1% in NARR, questioning the wet-soil -decreased-albedo hypothesis of 226 Eltahir (1998). Eltahir did not factor for the cloudiness-related reduction in downward shortwave 227 radiation as well, a surprising omission given the reasonably intuitive result (cf. Fig. 4d) ; the 228 author's subsequent modeling study (Zheng and Eltahir,1998 ) did however recognize the role of 229 clouds. Regardless, our observational analysis (ARM and NARR) does not support a critical 230 element of Eltahir's soil-moisture -precipitation feedback hypothesis as the precipitation-related 231 net surface shortwave radiation anomaly (Fig. 4b) is strongly negative over the precipitating 232 region (from cloud cover and no albedo-related offset). 233 The net surface longwave anomaly, on the other hand, is focused a bit to the southwest of 234 ASGP precipitation. To a large extent, it is shaped by reduced upward emissions from the colder 235 land-surface (Fig. 4c ), along with some increased downward emission from increased 236 atmospheric humidity and cloudiness (not shown), much as Eltair (1998) proposed. Although 237 this element of his feedback hypothesis is corroborated, net surface radiation from both 238 longwave and shortwave components is negative (cf. Fig. 3c ), generating an energy-deprived 239 environment over the central-eastern portion of the SGP box. In the western sector, the increase 240 in net longwave radiation offsets the net shortwave signal, almost completely, creating an 241 energy-neutral environment that permits weak evapotranspiration (cf. Fig. 2c ; note the smaller 242 contour interval). As indicated from Fig. 2a-b , the moisture for precipitation comes largely from 243 moisture transports. 244 245 More insight into the process-sequence operating prior to and concurrently with SGP 246 precipitation events is obtained from their pentad-resolution lead-lag links; both precipitation and 247 Page 10 of 25 linked variables (from NARR and ARM) are averaged over the ASGP box. Links with the water-248 cycle are shown in Fig. 5a : The antecedent NARR and ARM evapotranspiration is negatively 249 correlated with precipitation, e.g., ~ −0.2 at 1-pentad lead, which is even larger (~ −0.4) at zero-250 lag for the ARM field; the NARR field is however uncorrelated at zero-lag. Column moisture-251 flux convergence (from NARR), on the other hand, leads precipitation (1-pentad lead correlation 252 ~0.3); the positive correlation is even larger at zero-lag (~0.4). 253 The soil moisture exhibits peak correlation with precipitation after some delay, as 254 expected from preceding dryness; ARM and NARR volumetric water contents are maximally 255 correlated (~ 0.6) at 1-pentad lag in Fig. 5a . Intuitively, evapotranspiration must lag soil-256 moisture, and it does, attaining peak correlations (~0.4) with precipitation at 2-pentad lag. Its lag 257 vis-à-vis soil moisture reflects only that it is at the latter's expense. 258 Pentad analysis shows clear dominance of transported moisture over evapotranspiration 259 in non-seasonal precipitation variability at the SGP field site (and more broadly over SGP), both 260 from magnitude of the contribution to regional water-balance and its unambiguous temporal lead 261 at pentad resolution. Antecedent and contemporaneous evapotranspiration are, in fact, found to 262 be negatively correlated with precipitation; only lagging correlations are positive, peaking at 2-263 pentad lag, i.e., following precipitation; settling the characterization of water-balance over SGP. 264 The characterization is no different from that posited in RBN 2005 for the central Great Plains 265 based on extensive analysis of monthly-averaged observations/reanalysis data. 266 Lead-lag links of precipitation with the surface radiation fields are shown in Fig. 5b . 267 Unlike water-cycle fields in Fig. 5a , the radiation ones exhibit significant (and peak) correlations 268 only at zero-lag, indicating the comparatively faster convection, cloud, and radiation time scales. 269 The simultaneous precipitation-surface radiation relationships have all been noted earlier in The targets of this observationally-rooted, pentad-resolution, lead-lag analysis of 293 atmosphere -land-surface interactions are a) characterization of the nature of the atmospheric 294 water-balance, and b) assessment of the viability of the soil-moisture -precipitation feedback 295 hypothesis (e.g., Eltahir 1998) that is driven by receipt of excessive net radiative energy at the 296 wet and colder land-surface. Both DOE-ARM SGP field observations and data from NOAA's 297 precipitation (and radiance) assimilating North American Regional Reanalysis are analyzed to 298 meet the two targets. The NARR data was additionally analyzed so that, if validated, it could 299 allow spatial 'continuance' of the results obtained from analysis of the sub-grid scale SGP field 300 data on to more expansive regional domains (e.g., SGP). 301 Our pentad analysis shows the clear dominance of transported moisture over 302 evapotranspiration in non-seasonal precipitation variability at the SGP field site (and more 303 broadly over the SGP), both from magnitude of the contribution to regional water-balance and its 304 unambiguous temporal lead at pentad resolution. Antecedent and contemporaneous 305 evapotranspiration are, in fact, found to be negatively correlated with precipitation; only lagging 306 correlations are positive, peaking at 2-pentad lag, i.e., following precipitation --settling the 307 characterization of the atmospheric water-balance over the SGP. This characterization is very 308 similar to that put forward by the authors from analysis of monthly-averaged observations for 309 non-seasonal hydroclimate variability over the central Great Plains in summer (RBN 2005, 310 2006a). 311 More interestingly, our analysis finds precipitation episodes linked with net negative 312 surface radiation anomalies (into the land-surface), i.e., with an energy-deprived land-surface 313 state that cannot fuel evapotranspiration. This rules out radiatively-driven positive feedback on 314 precipitation, at least, on pentad timescales. Although the net longwave signal (into the land-
Pentad lead-lag relationship between precipitation and surface hydroclimate

